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Purpose: This retrospective study was performed to identify the patterns of calf vein 
thrombosis n patients in whom deep vein thrombosis (DVT) was suspected and to better 
define the role of color-flow duplex scanning (CDS) in the evaluation of this patient 
population. 
Methods: Over a recent 9-month period, we reviewed the vascular laboratory charts of 540 
symptomatic patients (696 limbs) who tmderwent CDS for clinically suspected acute DVT. 
Patients who had a previous episode of DVT were excluded. 
Results" CDS satisfactorily visualized all three paired calf veins in 655 of the limbs (94%). 
Inadequate scans (n = 41) were attributed to edema in 29, excessive calf size in eight, and 
anatomic inaccessibility in four. Peroneal veins were the most difficult to visualize 
(n = 29), followed by posterior tibial (n = 10) and anterior tibial (n = 9) veins. CDS 
identified acute DVT in 159 of 655 limbs (24%) that had adequate scans. Calf vein thrombi 
were detected in 110 of the 655 limbs (17%) and in 69% of the 159 limbs with DVT. Clots 
were confined to the calf veins in 53 limbs with DVT (33 % ). Isolated calf vein thrombi were 
found in 45% of outpatient limbs and in 27% of inpatient limbs with DVT. The peroneal 
(81%) and posterior tibial veins (69%) were more frequently involved (p < 0.001) than the 
anterior tibial veins (21%). In limbs with calf DVT, the prevalence of thrombosis olated 
to the peroneal and posterior tibial veins was similar (37% and 25%, respectively); no limb 
had an isolated anterior tibial DVT (p = 0.02). 
Conclusion: CDS is a reliable method for evaluating calf veins for DVT. Calf vein 
thrombosis i common in patients who have acute DVT and often occurs as an isolated 
finding. The peroneal and posterior tibial veins are involved in the majority of cases; 
thrombi occur much less frequently in the anterior tibial veins. We conclude that CDS 
should be the noninvasive method of choice for the initial evaluation of patients in whom 
DVT is suspected, and we recommend that calf veins should always be studied but that 
routine scanning of the anterior tibial veins may not be necessary. (J Vase Surg 
1996;24:738-44.) 
The importance of calf vein thrombosis remains 
controversial. ~ Several studies uggest that the major- 
ity of lower extremity thrombi originate in calf veins, 2
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that clots in calf veins predispose patients to recurrent 
deep venous thrombosis (DVT), 3 that they frequently 
propagate to more proximal deep veins (where they 
may embolize to the lungs), 4,s and that they may 
damage venous valves, causing chronic venous insuf- 
ficiency and the postphlebitic syndrome.6'7 Therefore, 
when calf vein thrombi are believed to be clinically 
significant, prompt treatment with anticoagulation 
medication is recommended to minimize early and 
late complications .3,6,8 Other investigators have main- 
tained that isolated calf vein thrombi are associated 
with a low risk of pulmonary embolism and are of little 
clinical significance. They have concluded that serial 
noninvasive venous evaluation is an acceptable alter- 
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native to anticoagulation and that therapy is war- 
ranted only if propagation to the more proximal deep 
veins OCCURS. 9'10 
Despite these conflicting opinions regarding the 
proper treatment and clinical importance of calf vein 
thrombi, clinicians should have at their disposal the 
ability to obtain accurate noninvasive valuation of 
calf veins, if only to rule out DVT as the cause of 
symptoms. Furthermore, information regarding the 
prevalence of calf vein thrombi is critical to investiga- 
tors who are attempting to define the natural history 
of the disease. Color-flow duplex scanning (CDS) has 
been demonstrated to be a reliable and accurate 
method for diagnosing DVT in patients in whom 
lower extremity thromboembolic disease is clinically 
suspected.11,12 We undertook this retrospective study 
to determine (1) the frequency, location, and patterns 
of calf vein thrombi in patients who have symptomatic 
acute DVT; (2) to evaluate the ability of CDS to 
visualize calf veins; and (3) to define the role of CDS 
in the evaluation of patients with possible calf vein 
thrombosis. 
PATIENTS AND METHODS 
Patient population. From January 1, 1994, to 
September 30, 1994, the vascular laboratory charts of 
540 consecutive patients (696 limbs) who underwent 
CDS for clinically suspected leg DVT were reviewed. 
The study group included both hospital inpatients 
and ambulatory outpatients. Patients had various 
combinations ofpain, tenderness, cyanosis, erythema, 
and swelling in the affected limb. When calf vein 
thrombi were detected, their location and extent were 
documented. If the calf veins were inadequately 
visualized, the factors most likely to be responsible 
were recorded. Patients who had a documented 
history of DVT were excluded from the study. 
CDS. Studies were performed with the Quantum 
2000 Angiodynograph (Siemens Medical Systems, 
Inc., Issaquah, Wash.). Superficial venous segments 
were interrogated with a 7.5-MHz probe, and more 
deeply situated veins were examined with a 5.0-MHz 
probe. Venous flow (centrally directed) was assigned 
a blue color, and arterial flow (peripherally directed) 
was assigned ared color. 
All patients were examined by experienced yascu- 
lar laboratory technologists. Our technique of CDS 
venous evaluation has been reported elsewhere. 13In 
brief, to enhance venous distention, patients lie supine 
on an examination table or in a bed tilted to a 15 
degree or 20 degree reverse Trendelenburg position. 
Longitudinal tracking of the posterior tibial, anterior 
tibial, and peroneal veins was performed after a similar 
examination of the proximal deep and superficial veins 
(common femoral, superficial femoral, profunda 
femoral, popliteal, and greater saphenous veins). 
Transverse views of calf veins were obtained when 
evaluation of venous compressibility was thought o 
be necessary. The soleal and gastrocnemial sinusoids 
were not studied routinely. Augmentation by manual 
compression of the distal limb was routinely per- 
formed for all venous egments. Doppler color-flow 
data and simultaneous real-time images of all veins 
were recorded on videotape and on hard copy prints. 
Scans were reviewed initially by the technologist and 
were evaluated later in the day by vascular surgery 
fellows and full-time attending staff. 
Criteria for a positive scan included visualization 
ofintraluminal thrombus, obvious encroachment on
the color-flow image, absence of flow despite aug- 
mentation in veins in which no echogenic defect was 
identified, and venous incompressibility. Scans on 
which no thrombus was visible were reported as 
equivocal when spontaneous or augmented flow 
patterns appeared nonconfluent. Scans were inter- 
preted as negative for DVT when no echogenic defect 
was present, if spontaneous flow or normally aug- 
mented flow was visualized, and when the color image 
filled the entire lumen. 11 Complete collapse of the 
veins with compression was also used when necessary 
to confirm the absence of thrombi. When clots were 
hyperechoic, retracted against the venous wall, or the 
lumen was recanalized, the thrombus was classified as 
chronic. 
Data analysis. Deep venous thrombi were classi- 
fied as being above the knee (AK) if they involved the 
popliteal or more proximal veins or as being below the 
knee (BK) if they involved the infrapopliteal calf veins. 
Posterior tibial, anterior tibial, and peroneal veins 
were considered separately. Calf vein thrombi were 
classified as isolated ifonly a single paired calf vein was 
involved, or classified as extensive ifthrombi involved 
multiple venous egments above and below the knee. 
On the basis of our previous experience, quivocal 
scans were considered positive for the diagnosis of 
DVT. 11,1~ Venographic orrelations were not ob- 
tained, because few patients underwent venography 
and an earlier prospective study had established the 
accuracy of CDS in our laboratory. 11
CDS findings of the three paired calf veins were 
compared using Z 2 analysis. Fisher's exact test was 
used if the number in any cell was less than five. 
Evaluations of the proximal deep veins were not 
reported individually because the focus of this study 
was the calf veins. A p value less than 0.05 was 
considered to be statistically significant. 
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Table I. Prevalence and distribution of acute DVT in 655 symptomatic limbs 
Total Inpatients Outpatients 
(n = 655) (n = 313) (n = 342) 
Location of thrombi No. (%) No. (%) No. (%) p* 
Any segment 159 (24.3%) 101 (32.3%) 58 (16.9%) <0.001 
AK 106 (16.2%) 74 (23.6%) 32 (9.4%) <0.001 
BK 110 (16.8%) 69 (22.0%) 41 (12.0%) <0.001 
Peroneal 89 (13.6%) 60 (19.2%) 29 (8.5%) <0.001 
Posterior tibial 76 (11.6%) 50 (16.0%) 26 (7.6%) 0.001 
Anterior tibial 23 (3.5%) 15 (4.8%) 8 (2.3%) 0.14 
AK, Above knee (popliteal and more proximal veins); BK, below knee (infrapopliteal veins). 
*Inpatients versus outpatient. 
Table II. Extent ofthrombi in 159 limbs with acute DVT 
Outpanents 
(n = 58) 
Location of thrombi No. (%) p* 
Total Inpatients 
(n = 159) (n = lO1) 
No. (%) No. (%) 
AK 106 (66.7%) 74 (73.3%) 32 (55.2%) 0.03 
BK 110 (69.2%) 69 (68.3%) 41 (70.7%) 0.89 
AK(+)BK(+) 57 (35.8%) 42 (41.6%) 15 (25.9%) 0.07 
AK(-)BK(+) 53 (33.3%) 27 (26.7%) 26 (44.8%) 0.03 
AK(+)BK(-) 49 (30.8%) 32 (31.7%) 17 (29.3%) 0.89 
Peroneal 89 (56.0%) 60 (59.4%) 29 (50.0%) 0.33 
Posterior tibial 76 (47.8%) 50 (49.5%) 26 (44.8%) 0.69 
Anterior tibial 23 (14.5%) 15 (14.9%) 8 (13.8%) 0.96 
AK(+)BK(+), Thrombi in both above-knee and below-knee veins; AK(-)BK(+), thrombi confined to below-knee veins; AK(+)BK(-), 
thrombi confined to above-knee v ins. 
*Inpatients versus outpatient. 
RESULTS 
Overall prevalence of DVT. Technically ad- 
equate scans were obtained in 655 (94%) of the 696 
limbs (313 in inpatients and 342 in outpatients). 
Forty-one limbs (6%) that could not be fully evaluated 
because of inadequate visualization of one or more of 
the three calf veins were excluded from further 
analysis. Overall, 214 of 655 limbs (33%) that under- 
went CDS had evidence of venous thrombi, and 441 
(67%) had normal findings. Thrombi were acute in 
159 limbs (24%), chronic in 49 limbs (7%), and were 
confined to the superficial veins in 6 limbs (1%). 
Tables I and II list the prevalence, distribution, 
and extent of acute DVT by limb and venous egment. 
The prevalence ofAK thrombi (16%) was nearly equal 
to that of BK thrombi (17%) in the total group of 655 
limbs that had adequate CDS (p = 0.82). At all levels, 
however, the prevalence of DVT in inpatients was 
about wice that in outpatients (Table I). 
Of the 159 limbs that had acute DVT, 67% had AK 
thrombi and 69% had BK thrombi (Table II), but AK 
thrombi were significantly more common in inpa- 
tients (73%) than they were in outpatients (55%). 
Three patterns of venous involvement were noted in 
limbs with acute DVT: thrombi located only in the 
calf veins, thrombi dentified only in the AK venous 
segments, and thrombi that were present both above 
and below the knee (Table II). In the total group, each 
pattern occurred with a similar frequency (p = 0.64), 
but the distribution differed somewhat between in- 
patients and outpatients (p = 0.044). Inpatients were 
more likely to have DVT both above and below the 
knee, and isolated calf vein thrombi were more 
common in outpatients. 
Calf vein DVT. In limbs that had calf vein DVT, 
thrombi occurred with greatest frequency in the 
peroneal (81%; 89 of 110) and posterior tibial veins 
(69%; 76 of 110). These veins were involved signifi- 
cantly more frequently (p < 0.001) than the anterior 
tibial veins, where thrombi were detected inonly 21% 
of the limbs (23 of 110). 
Table III further analyzes the distribution of calf 
vein thrombi. Twenty of the 110 limbs that had calf 
vein DVT (18%) were found to have thrombi involv- 
ing all three calf veins, whereas 38 limbs (34%) were 
noted to have thrombi n two of the three calf veins 
(posterior tibial plus peroneal, 35; posterior tibial plus 
anterior tibial, 2; and peroneal plus anterior tibial, 1). 
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Table III. Distribution and pattern of calf vein thrombi 
Total BK AK(-)BK(+) AK(+)BK(+) 
Involved vein n (%) n (%) n (%) 
Isolatedperoneal 33 (30%) 22 (42%) 11 (19%) 
Isolated posterior tibial , 19 (17%) 15 (28%) 4 (7%) 
Isolated anterior tibial 0 (0%) 0 (0%) 0 (0%) 
Peroneal + posterior tibial 35 (32%) 14 (26%) 21 (37%) 
Peroneal + anterior tibial 1 (1%) 1 (2%) 0 (0%) 
Posterior tibial + anterior tibial 2 (2%) 0 (0%) 2 (4%) 
All three 20 (18%) 1 (2%) 19 (33%) 
Total 110 (100%) 53 (100%) 57 (100%) 
Thrombi solated to a single paired calf vein occurred 
in 52 of the 159 limbs (33%) that had acute DVT and 
in 52 of the 110 limbs (47%) in which calf vein DVT 
was present. Thirty-three of the 89 peroneal clots 
(37%) and 19 of the 76 posterior tibial clots (25%) 
were isolated. Although peroneal thrombi were more 
likely to be isolated than were thrombi in the posterior 
tibial veins, the difference was not statistically signifi- 
cant (p = 0.62). Isolated clots in both of these veins 
were, however, statistically more frequent (p = 0.02) 
than they were in the anterior tibial veins, in which no 
isolated thrombi were detected. Only 15 of 57 limbs 
(26%) that had extensive DVT that involved both AK 
and BK segments were found to have clots isolated to 
a single calf vein. In contrast, isolated calf vein DVT 
occurred in 37 of 53 limbs (70%) in which thrombi 
were confined to the BKveins (p < 0.001). 
If, in the evaluation of the patients with suspected 
acute DVT, scanning had been restricted to only one 
of the paired calf veins (either the peroneal, posterior 
tibial, or anterior tibial veins), false-negative r sults 
would have been obtained in 21 (19%), 34 (31%), 
or 87 (79%) of the 110 limbs with BK thrombi, 
respectively. Evaluating both the peroneal and an- 
terior tibial veins or both the posterior tibial and 
anterior tibial veins would have had little effect on 
the number of misses (19 or 33, respectively) or on 
the frequency of false-negative studies (17% or 30%, 
respectively). If, however, studies had included scans 
of both the peroneal and posterior tibial veins, no 
limbs with calf vein thrombi would have gone un- 
diagnosed. 
Visualization of  calf veins. Table IV lists the 
factors responsible for failure to visualize all three calf 
veins in the 41 limbs that were excluded because of 
inadequate studies. Also shown is the frequency with 
which individual BK venous segments were not sat- 
isfactorily imaged. Severe edema was the most com- 
mon cause of poor visualization, and the peroneal 
veins, because of their depth and relative inaccessibil- 
Table IV. Factors responsible for inadequate 
visualization of calf veins 
No. 
Total number of limbs 41 
Limb edema 29 
Excessive calf size 8 
Inaccessible anatomy 4 
Total number of calf veins 48 
Peroneal 29 
Posterior tibial 10 
Anterior tibial 9 
ity, were the most frequent of' the three paired calf 
veins to be inadequately imaged (p = 0.0002). 
DISCUSSION 
Early studies suggested that the majority of leg 
thrombi originate in the soleal sinuses 2 and that 
regardless of where clotting begins calf veins are the 
most frequently involved site. 4 Later reports con- 
firmed these observations, noting that calf veins are 
the most common location of clots detected in 
symptomatic ambulatory patients. 14,1s Other investi- 
gators, however, report that the majority of leg 
thrombi do not occur in the calf veins, but rather in 
the popliteal and proximal deep venous system) 6,17 
The data from our study support he viewpoint 
that calf veins are a frequent (if not the most common) 
site of thrombosis in patients who have symptomatic 
acute DVT. DVT occurred in 24% of our patients who 
had clinical evidence of acute DVT, a figure almost 
identical to the 25% prevalence of DVT observed by 
Markel et al. 16 and similar to the 33% prevalence of 
DVT reported by Rollins et al) 4 In our patient 
population early seven out of every 10 limbs that had 
acute DVT were noted to have calf vein thrombosis 
occurring either as an isolated finding or in conjunc- 
tion with more proximal DVT. This finding differs 
from the distributions reported by Kerr et al) 7 and 
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Markel et al., who found that only 23% to 40% of limbs 
with DVT had involvement of the calf veins. More- 
over, in our study, 33% of all limbs that had acute DVT 
had thrombi confined to the calf veins. In contrast, 
Markel et al. reported that only 5% of limbs had 
thrombi solated to the BK veins. That Markel and 
associates examined only the posterior tibial veins, 
whereas we routinely imaged all three paired calf 
veins, may explain the disparate findings. Had we 
limited our examination to the posterior tibial veins, 
we would have missed 31% of the calf vein thrombi. It 
is possible, therefore, that Markel et al. underesti- 
mated the frequency of calf vein thrombi. 
CDS offers several advantages in the noninvasive 
evaluation of limbs for DVT. By providing instanta- 
neous flow information over an extended length of 
vein, real-time color immediately distinguishes veins 
from arteries and vascular tissues from surrounding 
nonvascular tissues. The superimposition f a color- 
flow map on the B-mode image decreases the need to 
assess recorded or audible Doppler signals and venous 
compressibility. These advantages simplify the venous 
examination by facilitating the longitudinal tracking 
of veins (especially calf veins). Encroachment of 
echogenic or nonechogenic pixels on the flow map 
identifies partial occlusions, and absence of color 
during augmentation is indicative of total occlusion. 
Unlike other investigators, we use cross-sectional 
views selectively and not as a routine. 
Because only one of the two venae comitantes that 
parallel the posterior tibial, anterior tibial, and pero- 
neal arteries may be involved, both must be examined 
over their entire length to exclude with certainty the 
presence of an isolated calf vein thrombus. In our 
study, all three paired calf veins were visualized 
adequately in 94% of limbs. Similar results were 
achieved in an earlier study by van Bemmelen et al)8 
In their series, CDS imaged all paired calf veins in 30 
normal subjects. Severe edema or excessive calf size 
were responsible for 90% of the technicallyinadequate 
scans in our study. The presence of these factors impair 
visualization of calf veins by increasing their depth 
from the skin (and from the duplex probe); and if the 
veins are small, the surrounding anatomy iscomplex, 
and multiple venous collateral branches are present, 
localization and longitudinal tracking becomes diffi- 
cult. It is not surprising that peroneal veins were the 
most difficult o visualize. Despite their typically large 
size, peroneal veins lie deep in the posterior compart- 
ment near the fibula and are the least accessible of the 
crural veins. When studies are inadequate, we recom- 
mend venography orrepeat CDS after the edema nd 
swelling have subsided. 
If clinical decisions are to be based on nonin- 
vasive tests, the results must be accurate. A pro- 
spective study that compared CDS and phlebo- 
graphic findings conducted in our vascular labora- 
tory showed that CDS detected calf vein thrombi n 
symptomatic patients with a high sensitivity (94%) 
and ruled out calf vein thrombi with a high negative 
predictive value (94%). Specificity ( 81%) and positive 
predictive value (80%) were somewhat lower, partly 
as a result of false-positive rrors that were attrib- 
utable to the use of an early-model scanner that 
lacked slow-flow software technology, n Other stud- 
ies of symptomatic patients report similar accuracies 
with CDS in the diagnosis of calf vein thrombi. Foley 
et al.19 reported 100% accuracy in their small series 
of 16 limbs. In a larger series of 75 limbs, Rose et 
al. 12 achieved an overall accuracy of 98%, with all 
parameters of accuracy exceeding 95% when scans 
were judged to be technically adequate. Thus tech- 
nically adequate CDSs can be relied on to provide 
accurate diagnostic information, making routine 
scanning of calf veins feasible. 
The importance of thrombi confined to the calf 
veins continues to be debated? Management varies 
depending on the extent and distribution ofthrombi, 
on their clinical presentation, and on the physician's 
perception of their pathophysiologic implications. 
One of three approaches i  usually adopted: (1) no 
treatment; (2) surveillance with serial noninvasive 
testing to detect propagation; or (3) anticoagulation 
therapy. Because significant pulmonary embolism is 
rare in patients who have isolated calf vein thrombo- 
sis, a number of investigators advocate restricting 
venous evaluation to the proximal venous seg- 
ments 9'1° and reserve anticoagulation for patients 
who have positive AK examinations. Propagation to 
the popliteal or more proximal veins, however, may 
occur in as many as one third of limbs that have calf 
vein thrombi during the early period after initial clot 
formation, s Untreated, these propagated clots have a 
significant potential for embolizafion. To minimize 
this risk and to avoid delays in instituting anticoagu- 
lation therapy, follow-up examinations to detect ex- 
tension of the thrombotic process should be per- 
formed in patients who have negative AK test results 
and in patients who have known, but untreated, calf 
vein thrombi. In addition, lysis or recanalization or
calf vein thrombi is often incomplete, leaving residual 
obstructions that may serve as niduses for recurrent 
DVT. During the process of clot resolution, critical 
BK valves may be destroyed or otherwise rendered 
incompetent, setting the stage for chronic venous 
insufficiency with its long-term sequelae, lipoderma- 
JOURNAL OF VASCULAR SURGERY 
Volume 24, Number 5 Mattos et al. 743 
tosclerosis and stasis ulceration. 3'6"7 So despite the low 
frequency of immediate complications, reliable and 
accurate detection of calf vein thrombi may identify 
patients at risk for clot propagation or embolization 
and patients at risk for the development of the 
postphlebitic syndrome. 
Although the role of anticoagulation therapy in 
patients who have calf vein thrombi remains contro- 
versial, it seems logical that such treatment may 
reduce the frequency of associated short-term and 
long-term complications.1 Even if the physician elects 
not to treat isolated calf vein thrombi, an argument 
can be made for routine examination of the BK 
venous egments, especially in patients with negative 
AK results. Without BK studies, alarge proportion of 
limbs that have acute symptomatic DVT would go 
unrecognized, and the symptoms would remain un- 
explained. This is especially true in outpatients. In our 
series, one third of the cases of DVT in the total 
group, 27% in the inpatient group, and 45% in the 
outpatient group would have been missed. Moreover, 
if no BK scans are performed, the clinician may feel an 
obligation to obtain serial studies of all symptomatic 
limbs that have negative AK results to rule out clot 
propagation from unrecognized calf vein thrombi. 
Because BK clots are present in only a fraction of these 
limbs, many unnecessary examinations would be 
required. A positive result of the CDS, on the other 
hand, identifies limbs that should undergo repeat 
studies, and negative results eliminate the need for 
further examination in limbs that otherwise would be 
candidates for serial studies (94% negative predictive 
value). 13 
Our findings suggest that restricting the exami- 
nation to only one of the three paired calf veins is 
inadequate and results in an unacceptable number of 
false-negative studies. This is a potential source of 
error in reports that deal with the prevalence, pat- 
tern, and distribution of calf vein thrombi. From the 
perspective of the routine clinical evaluation, how- 
ever, imaging all three calf veins may be unnecessary 
in patients in whom acute DVT is suspected because 
the anterior tibial veins are seldom involved. 17 In our 
study, clots never occurred in the anterior tibial veins 
as an isolated finding. Because a high percentage of
limbs in patients who have acute DVT have thrombi 
in the peroneal and posterior tibial veins, routine 
scanning of these two calf veins seems appropriate 
and should identify virtually all limbs that have calf 
vein thrombi with the possible exception of those 
that have clots confined to the soleal or gastrocne- 
mial veins). If other laboratories confirm these ob- 
servations, the clinical evaluation of patients in 
whom DVT is suspected could be abbreviated 
by omitting routine scanning of the anterior tibial 
veins. Nonetheless, all venous segments, including 
the anterior tibial veins, should be examined when 
the specific purpose of the study is to accumulate 
data regarding the prevalence and natural history of 
DVT. 
CONCLUSION 
This study has shown that imaging of the calf veins 
is technically feasible, that calf vein thrombosis i  
present in two thirds of limbs that have documented 
acute symptomatic DVT, that it occurs as an isolated 
finding in one third of these limbs, and that the 
prevalence is greatest in the peroneal and posterior 
tibia] veins. Thrombi involving the anterior tibial 
veins occurred infrequently and never as an isolated 
finding. We conclude that CDS is the method of 
choice for the initial evaluation of symptomatic pa- 
tients in whom acute DVT is suspected and that calf 
veins should be imaged routinely (especially in out- 
patients), but that scanning of the anterior tibial veins 
may not be necessary and probably can be omitted 
without compromising diagnostic accuracy. 
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